uztiT AVAILABLE COPY 



02)**»1ja**«iz»-j^r4MB**ifcBBttB 



(43) aie&nB 

2004 *f 2 £ 12 B (12.02.2004) 




llll 



PCT 



(10) BRglH 

WO 2004/013385 Al 



(51) SfSftlf #S 7 : C30B 29/38, H01L 21/205, 21/208 

(21) SBSfctJfllS^: PCT/JP2003/008258 

(22) SfigfctiH B : 2003 *6 30 0 (30.06.2003) 

(25) mmamnms: a*m 

(26) mEi'AWkDW®: B*g§ 

(30) fffttex-*: 

ftfii2002-223190 2002 £7 E 31 B (3 1.07.2002) JP 
$$112002-339875 

i 2002 £ll ft22 0 (22.11.2002) JP 
*$8B 2002-382610 

2002 *12 ft 27 B (27.12.2002) JP 

ttfil 2003-27888 2003 $2fl5B (05.02.2003) JP 

#112003-78680 2003 ^3 £20 B (20.03.2003) JP 

= *#S@2003-88482 2003 *3 ft 27 B (27.03.2003) JP 



(7i) th®x(*m£®i<±x<Dni£®\zii\x): mm 

&A*E£££Rtttil (OSAKA INDUSTRIAL PRO- 
MOTION ORGANIZATION) [JP/JP]; t 540-0029 *IK 

ft*iEm+*E*fflr*g2g5#7>r K-Afefe** 

ft Osaka (JP). 



(72) 

(75) *W*/ttBAf*Bfc-3l*Ta>#;: 

(SASAKI,Takatomo) [JP/JP]; =f 565-0871 AffiJft Qfcffl 
rfiUJfflfi2-1 *BE*^X^©f3Ef4rt Osaka (JP). 
ft £tt (MORI,Yusuke) [JP/JP]; T565-0871 *HEJft ft 
Hrt7lUB£2-1 *B5*^X^P^rt Osaka (JP). 
Stt i&£ (YOSHIMURA,Masashi) [JP/JP]; =f 565-0871 

Osaka (JP). Jll« (KAWAMURA^umio) [JP/JP]; T 
565-0871 *Rj&RfeBmUjB£ 2-1 *R*5*X* 
ffl£f4rt Osaka (JP). *ffiT 85 & (OMAE,Kunimichi) 
[JP/JP]; t 565-0871 ftHrR OlBBfi2-1 * 



C30B 29/38, H01L 21/205, 21/208 
PCT/JP2003/008258 
2003 ^6^30 B (30.06.2003) 



S= (54) Tide: METHOD FOR PRODUCING GROUP m ELEMENT NITRIDE SINGLE CRYSTAL AND GROUP III ELEMENT 
g= NITRIDE TRANSPARENT SINGLE CRYSTAL PREPARED THEREBY 

111 (54) mfc7ciliS^tt*«fl(D«i6a^ 




IT) 




^ (57) Abstract: A method for producing a Group III element nitride single crystal, which comprises reacting al least one Group 
2 m element selected from the group consisting of gallium(Ga), aluminum(Al) and indium(In) with nitrogen(N) in a mixed flux of 
q sodium(Na) and at least one of an alkali metal (except Na) and an alkaline earth metal The method allows the production, with a 
(K) good yield, of the single crystal of a group III element nitride which is transparent, is reduced in the density of dislocation, has a 

Obulk form, and is large. In particular, a gallium nitride single crystal produced by the method has high quality and takes a large and 
transparent bulk form, and thus has a high practical value. 
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QimZtiT&r), ftte, fifc#U£A (GaN) ^g^nt^s. fi£ 

2: j&JfrfrttT^fc (J. Phys. Chem. Solids, 1995, 56, 639 
). b^U £©*-&, 1 3 0 0~1 60 Ot, 8000~17000a 

tm (^8oo~^i7ooMPa) tK5&nmmm&&&fr&. 

Z.<Dmm%M&:?Z>t£!t>\Z, ^hU^A (Na) 77y£**Tg'fb# 

WJ&Snfc *mWft'£m 5 8 6 8 8 3 7^) 0 £©#i*fc«fcn 

fcf, i0iM^6 0 0~8 0 OXitAmizT&r). SfcJBE^fe, #9 5 0 
atm (IS5MPa) SftStT^llt^tS. L*>U £©#& 
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5 gikxyy&onftMzte-otetfibti.^. a^bu^^A (l i 

^ift2?nT^S*l (Journal of Crystal Growth 247(2003) 275-278) 
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f§BJ3©Hi§7K 

fcwmm&commjrmT&'DT, ^hu^A (Na> 7;u*'j^m 

(Na»<) ££tf7;U#U±ii&M©'>&< ££-#£©^£7:7 
20 v27s (Flux) tll^^T, #U^A (Ga), 7^5 A (A 1 
) ^itf-Oi^A (In) A^ftS8^6I^Snfc'>a< tfc-o 
©III^Tcmi:^^ (N) t*KJtS$-&§Jltfc«fcD, III&7n*2ft;f» 

25 cO«J;5l:, th'J^At, 7)VftV&m (Na^O *«fc^7;U 
* U±^&JS©4>&< th-Jj £<DM&y ? y 2 #>J£A^© 
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ia»10«J6^tttt, th'J!>Ai, 7^*U^JB (Nat»<) 

, 7;i/*u±s^«ttttiitLTflEffi-rs©Ttt^:^. una*, miehi 
D, c:©^jg75fe{Cct^T, ifo D p®T-±^^^Bjn;i/^^©in^7cm^ 

#f§0J3©il 2 ©^it7j^«, 7)1* U 7;i/?J U ±g(&Jg© 

4>&< tfe— ^r©^JR7 7y **4»fc*HT, (Ga), 7JI/5 

-<7£ (Al) *3«ktX-r >>>£A (In) jfci&fcSSfrfe 
&<£fc-o©IIl8e7G*£g* (N) <hSSJSS-fr«2li:t«J;DIIIft 

z.<Djjmz£z>Tb,m&m^±$fii^)i2tkmn(Dum7tmmk 
K-rs^fewUB-eas. fix, d©i8ii^©«%>asfe#tstt> 
*i&*iiniE7c*a{k:«***<-rntf-r*ai?, ^<*#& 
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mi (a) fccktf (b) gfcxv<y&(Dwm&*mmTz>mm<D- 
(DM^m^mmm (sem) gd^xt&s. 

(SEM) (A) tt5 0 (Mg<D^- 

(B) 6OOO0©?*-e^S. 
15 E14&, *^BJ©Kii^feO^-(D^©MtJ;0#e>tlfe^b^U V&%L 

ei 5 *mM(Dumjjm<D^(DmoM\z&tf&Rjfc}£iitmktfv ^ 
20 mM,<Dyt¥mffi.m<D^n-T?&z> (mm2 4 5). 

ms\t, *^<Dumij&<D^<Dm<Dmiz&tf&%yt&£ZmTy7 7 

¥^H.©^tt^iS$:^ (SEM) (D^ft-e&D, EI9A«|g^l0 0 
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OfgT&O, 0 9Btt|jf$13O§Ti5. 

01014, *»M©«ji**©*©ttCDWfciO#5nfc*^U»>A 
©¥»*©jfe3fc*«MMt (SEM) ©^JCT&3 (0$7 0 0 0 
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@12(t #^©LED©-#|£*-rBJr®0T£S. 
H13tt, #»g§©LD©-0J*j*"t»r®ElT?**. 
HHtt, *58W©¥##i:>tf©-«£^M$rffi0-e&S. 

10 ¥ISS©PL»l^©i|g**^-r^7 7T?*S. 

016A&, S I MS##T©backgroundT& D, 01 6Btt, ffiBMfc 

017lt #S89J©«igm£©££fc*©^Wfc£ttS, Na-Ca 
m&75y ^XKfcttSC a«-&£G aNJM§il©JR#£©W$&&7j*-r 
15 ifvyV&Z. 

018ft *%^©Sii^^©$e>lC-€-©ft&©^J{c:^ViTMOVPE^ 

T§IUfcGaNmil0»fffi^tTEM©?Xt$5 o 

01 9tt, BfrfB^J©MOVPEj*Tf^S!UfcGaN^^^^ll©PLzl!l 

5£©£§:HI£^-r0T&5. 

20 

BW£*flrr*fc«>0*£©J&IB 

*%BjjcoviT> m*m\fT-$t>\zwL<mM-?z>o 

^mmiZ^T, HIStc*^ #U?A (Ga), T^S-^A (A 
25 1), -Ov^A (In) T?afe5#> d©fc^T, #U * Ltr>. 

IIIft7cMft:«¥«SA»« ^ft#U7A (GaN) 
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5 *»W©»l©«Jft^rj*lC*^T, 7;P*U£Ktt, U^SA (Li 
K #U£A (Kh ;HfS>SA (Rb), ■fev'SA (Cs) *3«ktf:77> 
>">A (F r) T&D, 7JW*U±«l^JRtt. XfrSsVA (C a), X h 
D>3^A (Sr), A'UtfA (Br) *S«ktf7$>£A (Ra) T&S. 

10 ©fca>T, 8P*LV*©tt, Li, C a, K, Rb, CsTJ&D, <fcD» 
*LV>©«L 7;U#U&JB (Na^O 

7;P*U±«l*«©*JlPJt* (mo IX) tt, ^HJ^A (Na) £7 
^fcD&JB (Na£BK) 43«fctf7;W;frU±S!&JS£©£f|-fc:**U #i 
*J£, 0. 1 ~9 9mo 1 %©^BT&«9, ft £L< tt, 0. 1~50 

15' mol%©iSfflT&D, .fcDJffSKfiO. 1-3 5mo 1 

3e>£$?£L-<te0. 1 ~3 Omo 1 %©ISHT&5. * 
;i/>-^A (Ca) *%.®.-emm-rzm&. ?-MJtfA (Na) 
£A (C a) t0^ttl:»t5A^'>!>A (C a) ©Jt* (mo 1 %) 
tt, WAtf, 0. 1~9 9 mo 1 %©$£fflT&D, #*L>-<tt, 0. 1 

20 ~5 Omo 1 %0$gfflT&D, iO0$b<«O. l~35mol%© 
ISBT&D, $ L< ttO . l~30mo 1 %©Ifflt^§o S 

fc, #>J£A (Ga) tth'J^A (Na) t <D&ft\Ztt?Zi- h U S 
A (Na) ©Jt* (mo 1 %) tt, 0K*.fcf, 0. 1-99. 9mo 1 % 
©ifflT$D> If^KIt 3 0~9 9mo 1 %©$aBT&D, <tD}f 

25 £L-<«60~95mol %0^n?S5, #U£A : ^hU^A : ft 
;p->S7A©mo 1 JtfcJU 3. 7:9. 7 5:0. 2 5^L<«27:5 
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100~1 500'C, J£J] 100Pa~2O0MP aT?*0, Of £b< 
5 J£, Mg.3 0 0~ 1 2 0 Ot:, BE* 0 . 0 1 M P a ~ 5 0 M P a 0 
, £Dffl;L<te, iig 500-1 100 t:, JE^O. IMP a~6M 
P 

*56W0«l©«jg^feK:*ViT, mz^m (N) A*. 
10 (N 2 ) T> ; &^7 (NH 3 ) tfX^T&O, iinfittS 

, JinKM3®£:7^*X£&M£i2\ i&IEIIl»E7G*gfc«i£«fc b 
, &fE©fg2©$£i£#&<h|fg*£T&3o 

, f*pn (O, ®3t (o), mm (s 7;i^^ (a i 2 o 3 ) o^i) 

A (In), TJl'S-tfA (Alh gfc>f>>>#A (InN), KftS* (Si0 2 
25 ), m^O^^A (ln 2 0 3 ), mm (Zn), ^9* 9 s*Jk (Mg)> ttfcXtt 
(ZnOh (MgO), V)\,-?ZL*)k (Ge) 
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ns. ei (a) ic^-r«fc5c ^©itii, ^^Mii, m^^p 

trWfifiyLQttVfZnT&Q* *:0%XZ\&V-trWl2 4#gag£ 
tlTVi*. 1 \*W?2 2 £ftll«U /W?2 2 tt/W 7 2 3 

io 01 (b) m&mm^s<D^\z\t. mm 

*j^>!)Af©TO$An, nn*i&JEEi»»$«3rtK:KjtT* 

o C©B£E»fl*»3ft, A-f 72 3 ©fc#«£Jfettbfc!RI8"C» 

£s 4 1*3 K: EH?**. d©JKJBT, #X#>^1^£>, /Vf :/ (21,2 

20 2, 23) ftabTa**w^^*»ffi»fi»iF83rtfc3aiat*K:, n 

fiTTS. fit, -JfeUJIHK JPJE, MT&^Kick^ fflMEtm&» 
MLTSSfctf U ^A*©IIIJj|7c*aft:«©¥iKfft*ii!cfi^-B:*.-€-0« 

, #snfc*iifft*#*^6at)ai'r- 

25 
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#U£A (Ga)> 7JR^>)A (A l) &&T$^yVVk (I n) 5 
^5?l^&jl^^n^'>^<<t: i b--Q(DIIIj^7C^i^^ (N) <h£MJfc 

«t?&:Slllft7c*S<fe:«tt, 4USA* £&rA£J:tf#.AK (7 ; E^7 

SIgOMKtbTte, «*tf, #MSfl5JtfUDA (GaN), *IRSft 
7^->)A (A1N) , ->'J3> (S i), #U£A-fflfc3& ( 

15 GaAs), (GaN), M7^5-^A (A1N), K-ffc 

(S i C), (BN), BffcU^tfAtfUtfA (L i G 

a0 2 ), ^^^^^^n-^A (ZrB 2 ), (ZnO), #=ffi 

'JW^^i (BP), MoS 2 , LaA10 3 , N 
bN,'MnFe,0 4 , ZnFe 2 0 4> ZrN, T i N, 'J>|b^U^A 

20 ( G a P ) , M g A 1 2 O 4 , NdGa0 3 , L i A 1 O 2 , ScAlMg 
0 4 , Ca 8 La 2 (P0 4 ) a 0 2 3£#2&5. *J8ltt0«©J?#«, #(3 
$!!Pg£ft1\ flAfcT, 0. 0005-100000 /im, $?£L<te0 
. 0 0 1 ~ 5 0 0 0 0 urn. £00? £L< teO . 0'l-5 0 0 0tfmO 

mmwuDmz. mzif> ti^s^i^ift (mocvd 

25 A7-f FAffiAAft (HVPE), ^HxtT^ + Jz-fe (MBE 
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$>Q. «kt)ffSL<U4cmK±-e*t), £ & \zft £ b < 5 c m£U 

tt, 2~5cm-C$D, #£L< «3~ 5 cmT&D> 

* b<«4~5 cmfi&D, «Afctt5 cmn«. WIB*^cS 

. 8&I3Sffc;4&«, WAtf, Ca 3 N 2 , L i 3 N, NaN 3 , BN, Si 3 N 4 , InN 

Vi o * fc , Mf2g{fc & © 7 7 ^ * * I- & & 011 * fcf , 0. 000 1 mo 1 e% 
~99mole«, #*L<tt, 0. 001 moleX~50 moleXTafe & , «t t) 

L< teO. 005 mole«~5 noleXT*5. % 1 (DMt&^^Z^ 

Th.®tuz> ifi&itjj vv&($<di i mit^^t mmmt s <z> * 
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HJ^A (Na), #U9A (K), jl/tfv^A (Rb). -fev^A (C s 
) &£tf:7^>>"^A (Fr) 7fr*V±M&mte, tUlisO 

A (Ca), XhD^-^A (Sr), AU^A (Br) ^cfctf^v^A 

(Ra) T'&K). un^(i¥MllTt)i;< (SMS? 7 y 2 

0, i^0S$;O?2 craEtmD, mWT'rtfr? $0 1 1 I8?5n*g<fc 
MiSHT&S,, #fgBJ©#igii£&V>T. i|£ftS^ lOVcm 2 

L<te, 1 0 2 /cm 2 &TTr&»9, SiSttt, SSjk(itt («*tf, 1 
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2cm£(l, &£V<}$3 cm&±T& 0, <fc 0 h < U 4 c m£U 
Tr&O, £££#£L<te5 cm^_kT&rK ^:^VMfi'cfc<, ^0_b 

SK, £0:!§£\ mm±&<D ffim\Z, mX\f. 2~5cmT&tK 
£?£L<«3~5 cmTSD, <k D $?* b < fci:4 ~ 5 c mTfc ?K ftfl 

M^i^it^oT, SfcSuaiflDfia&VO. #56930111 
iz>X (PL) *> Sf < » SSfc, *©±fc v MOVPEg^iaOG 

fgfty^-K (LED), *m&U— tf (LD) *<fctfft-fe>tf- 
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U Z\(D±lz, MOCVDSftJ:?), *m&M&mmLTb£\,K # 
ftWOimmJjmz&QMjlkbtcG aNlill:, MOCVDSI^l 

5 ^#feG aNmm^it, m&&tetz®, ^-cDHtt^itm^. -eons 

*%W(Dmmjj&\z£r) niG aNIMU £©±£, *ti|sf£ft;L 
7.9, LED, LD, .###ft-tr >+f\ f©iO^##gf *>§3iiT# 

^^30 it, mm&^mfcm 3 1 ©±t^mtt^##:s 3 2 
^7tJ6<DS«, wiBi^af4¥##:i 3 1 &£zsmm$$m&¥mfom 3 2 
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> f&ffi£«tt, *5BW©IIIft7C*SEft«aW*llfi^6^*nTViT 
S i CSS, A 1 Nli, ^7 7-f7^©MS©S 

OtflC, *»W©mtSJlft||[fflbft»^-f*-H (LED) «, n 

mf&znrcf&yty^j—v (led) ^^t, ffim=m<D'j>ta< 

SC«kD¥ieSS»iimtf#5n«. #589J©LED©-0!|£, 01 
2 fc^t, 0^©ck5{C> :©LED40tt, nlGaN|4 1<!:pi 
GaNl43 t©FII:, SttlitTO I n G a N/14 2TOSftT 
nIGaNi4 1©Tfcttntl44*JEtSn, pSG 

ofcfc*, nlf^ISL^CML, n mM%m\Z\$ frill fr® ft 



14 



WO 2004/013385 



PCT/JP2003/008258 



*-F*T#JBJ*;£*rO»Tt>J;tt. M!3g&&> #5B§8© 

ni»7c*aE{b«aw*isft*6«j«*nTviTfe«j:vju, s i c 
o, cote*, «ss»«©Tfcs«*rsct*«RriB'tft<5. 

10 c 0i20^#ii!:^^T, piGaN|4 3C^T, 

PSA 1 GaN|tplGaNl©ti^Mbtt)i:U. 

O^fc, *f8K©¥iga*ffifflbfc*##V-1f (LD) tt, nM¥ 
15 Ztlfr^mfcU-*? (LD) T&oT, MIB £fc-Jl^ 

<o 1 1 i«7c*s^b<»a wmisa ^ e> ^ nr vi § . c cd— & , 

EJ5t^t*o mm<D<ko Iz, :©LD5 0H nIGaN!51tpI 
GaN|5 3 t(Dm\Z, m&MtLTO) I n G a Nf 5 2«^tlt 
US. nS!GaNl5 l(DTl:ttnll5 4^IEl$n, plG 

20 aNJi5 3©±tettp«ffi5 5#M£tt* 3 >A°# h&litftoT 

25 
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if*^*«#ri&3*rcv>Tfcj:v>. mmmz. *%.wv>\\\ 

Mitnmmmw^m&frz&f&isnT^Th&^Ls sics 

MX\t* @13©^ill^^T, pSGaN!5 3 (C'ftx.T, p 
10 MA 1 G a N capping!, piGaN waveguiding®, plAlGaN 
/GaN MD-SLS cladding/i^fe il/piG a CKDJi^T 
IS®L&f»JI#£7«U niGaNimi, nlAlGaN/G 
aN MD-SLS claddingS&cfctf n a N waveguiding® £ 

15 

20 Ote, 3 0©^®g|5^Wr^G aNS1S6 5 0BtfE^®©^n-^n(C, 
n!GaN!6 1 & £tfp SG a Nil 6 2 rt?, Z\ (DMfrTmM £ tlT43 

HfiiB«&6 5 <DTM\Z\t, nM® (Au/TilS) «^$n, 
piGaNi6 2 0±ll:(l p MM (Au/Till) /«/&£nT 

25 
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*iMt>t«$nt^Tt)j;^, corns, mtmmt, #sg 
i ens, a i Nmu, ■y-7 7^7m<Dm<Dtfn(Dgu~T:b£^ 0 l& 

10 

(mmm i ) 

EI 1 iZ^-f&M&M^, ±&t\e\M\Z IT, gfc#U £A©i£#§il£ 
i^bfc. -T^t)^, #<J£A, ^-hU^A, AJk>^A§BNTOC 
Atl, (N 2 ) tfT^ffl^TF, ^T©£#TinM)JBE}£!i!!U git 

: 8 0 Ot 

20 W/&J£# (N 2 ):30atm(3. 04MPa) 

wjg&wi : 9 6 mm 

25 #U£A (Ga) lgC^U ^T©S©iiJ£T> ^h'J^A (N a 
) ttifr^VA (Ca) £@E£bfc 0 
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tf>7°Mo. Na:Ca (molit) 

1. 9.75:0.25 

2. 9:1 

3 . 8.5:1.5 

4. 8:2 

5. 7.5:2.5 

6. 7:3 



Na(g) Ca(g) 

0.85956 0.038422 

0.79344 0.153688 

0.74936 0.230531 

0.70528 0.307375 

0.6612 0.384219 

0.61712 0.461063 



i~6) \z-o^x, skT<D%8k\z£Q , g<fb#u o&~c&zz.t<Dmm 

ew*, nmmtmmzvT (Ga : Na mm&) = 3:7) mttf 

gitfivv&ommte, %m#m (edx), h;i^*y-fe>* ( 
pl) \z&Y)ftitz. %mftffi\t. ni L mfflt.mz£K>um<D®:m*mB 
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Gal. 00 (g) 
U->y;|/No. Na:Ca (^;Ht) MMJUlA^MMJ^l 



1 . 9.75:0.25 0.09102 

2. 9:1 0.16016 

3. 8.5:1.5 0.11704 

4. 8:2 0.13543 

5. 7.5:2.5 0.13827 

6. 7:3 0.01699 
JfcttM (Na©<£0 0. 0 1549 



§f«±Ttt)2 4 5|gtfe0 1 SEM?^T, ±«6 0 0 0^ 

($Jfcfll2) 

W^ffi^J (N 2 ) * 1 5 a tmfctS^bT, £fc;tPJ £A©*tt** 
MjtL^Co #U£A (Ga) lg£*fU rhhUtfA (Na) 0 
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. 7 4 9 3 6 g, *Jk>5A (Ca) 0. 153688 gSBB^^fc ( 
Na : Ca=9 : 1). £ft££W3\ gffift 1 t mmz LT&tt.#V V 

0 . 0 6 9 0 2 gT&ofc. 

(£li£0J3) 

(I4ram, «1 5 mm. MfrO. 3mm 

mffibtco £tl£> BNitfi® (F"3ll9mm, m$ 5mm) £A*l, $ 
#'J£A (Ga), ^MJtfA (Na), #;i^>£A (Ca) £A 

WJ&M^ : 8 0 0 *C 

Wfifcffi* : 3 0 a t m (3 . 0 4MPa) 

m&mm : 2 4p#m 

N a : C a= 9 : 1 (#U^A 1 g \Ztt? Ztfrlt) 

M 3 (C&V^T, (A) fr\ 5 0 0|g©SEM?*"C^D, (B) 6 
0 0 0 fe<DS EM^T^S, H^©J;5fc, 7 -f 7SS 1 2 ©± 

20 
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10 



. »J£fflXT->!/X^§§F*3K, Jim(# U V Al.Og) ty 7 v 7 7 h U 

t?#jeu nmf%. urn - mtiz-feizu-o. z\z\x\ 7z?y?zf$.fr 

? AM 7 ? y Z> 7 IMJ£ \1t%\z ^e;|/ it T3. 7 : 1 0 1 & -5 5 lz mm L Tc . 
(Na : C a = 9 : 1) © S E M^jt££EI 4 fc^T. 



N a : C a gfcff U A g>iR^ (%) 

9.75:0.25 7.58% 
9.5:0.5 13.94% 
9:1 13.34% 
15 8.5:1.5 9.75% 
8:2 11.28% 
7.5:2.5 11.51% 
7:3 1.41% 
N aM7^y ^XGD4§£- 1. 29% 

20 



25 ^-ffcT&ofco 
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. MJ£m*T>UX®$&n\Z, ]!(**(# UtfAl.Og) £7 7 h u 

7 AO. 50g£«fctf#;i/->£ AO. lOg) £§§&fcgft#£iftitfi®£Att.X7 : - 

Tffl^fctf'J 7A&7 7y ?XJtte^;i/ltT3.7:10T-&D, 7" h U 7 A 

Mai^i^^{cbTg^^u^A#^^^Mjibfeo z-nzomzk* 

10 ,05 Hit. 

@5ilin5l:, ^-h'J^A©^©^^, GaMgH£j&K25^JEE.£U 
£Mbfcg3?iffi#te> #;i^7A0^A£<£oT15JaJ££T&TLfc o 

15 (MffiM6) 

m 1 ©ig^ffl^, £4TOJ;5{cbT^^^U^A¥^^^iiitL,fc 
. MEE.mXT>UX®&ft\Z, H^(^UC7A1.0g)i7^y^X(^h'J 
^A^.fc^U^^AJ^fgfefc^^^^^M^Atl^Xx^l/X^^^ 

t i?j&M.m t * £ 85 ot: t #m l o &u t m m \z z z 50^; m s t 

^Tfe^U^^At^-hU^AfiOrl^^lrO^-e^^^iifc. # 
U 7 A2t 7 ^ y 7 X m^it ttfc £ ^)Vit T* 3. 7 : 10 1 fc 3 £ 5 iCsSM U 
o ^Oifel, g^^7Nffi^350^ffi{c:*5^^GaNA*^7^^(Z)JK^tt> 'J ^ 
^A^SPHckO^iliMHii^Ufc. ^LfcGaN/^^iiO&te, 

m^±T£0, ^v^>^mz^ Ol^fe^l, tf^^fiTfe-p^o 

22 
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mmm 7 > 

5 U »>A0.881g)R^M0CVDfeC«t-3Tfi6J8lbfcJ|gJ?3/iiB©-y-77'f 7S« 

& § 80 Ot: #2S L fc . t ^ P# \Z # 7s £ 5 0^ JE * T #JE L 

^JHC^-f =fc 5 fc, M0CVDffit«fcoTJ^«lbfcGaNSffi±fc«ll?800/£mflD. 
10 GaNA*;|/£3giia*/£gLfc. ZOGimjlZlfegkCDy* h)V$.*yk>X 

MOCVDk:«fc»3^litLfcGaNlC»LT3l«Jt*tf43#©»^*«aiLfc. 

L/fcGaN*«±T«10 6 /cm J @SO^^mM^nfc^, GaNA\>l/**gH© 
15 Sff*SlElfl[T?*ofc(H9©SEM«#iR). 

(H»»J8) 

3/zm©1t7ri'7S^±GaN^M$-fe^ h Vfc^it^Omm^Xn. X 

, M0CVDSt«fcoT^JI(tbfcj?$3Min©GaNSfi±k:ff$2/zi©#S'63SM 
25 ©GaN;t;P*8tftjtofc£bfc(Bl 0OSEM?I#I) o S-fc, MfB^b 

23 
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NH , fJ£ (%) gfc^'J^A^aMff^ (atm) 

0 2 5 

4 2 0 

10 15 

15 15 

2 5 10 

4 0 10 

10 0 10 
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(§6*m 0) 

Gal. Og, 77*^7^, *77'f7a6fi*BNJtf*rtl:Bt 
Ufc. fUBU"7 7^7S«», ^Oilll, MOCVDffilCkt), ff* 
3 /imCGaNllSML/fc'bOT*^, G a £ 7 7 y 7 X (D^)Vit 
5 B, Ga: f lux = 2. 7 : 7. 3 Clfc. 77>^X^H, N a 
97%Ca3%Oi^i t N a 1 0 0 % <DWi%<D 2 9JH t bfc 0 ^IT 

m^x. n®fa&mmv. 2nm<bG &nxn**%it. ens©*** 
io nfc^T, 7^- h;i/5^^-t>x (pl) *»ue'Lfc. plsii^«, 

He-Cd »f- (&ft3 2 5 nm) *#>tf>^tb, ttiTJ 1 0 m 

wiri»«J|i»**BffK:iiait-r*c:fck:j:D, ^J&bfc. El 

15tC^To IWIEIK^T, ±©^77tt, 3>hD-;i/T*StGIB+>- 
7 7-f 7M±©G a Nil© P Lit^tS D , *<P©7*^7fci. 

15 Na 1 0 0«77>y7XT4^bfcGaN^iOPLH)lim?) 
, T©^7«, Na-Cai^777^X©H)lilT*S. HBIfc: 
^tcfc5t, n> h D-Jl^Jtij&LT, NalOO%777^X0Ga 
NJ|Mga©PL3ft£tt4 7 4gT&«9, Na-Cajg£-7^y77©Ga 
Nl££il©PL!a£«, 8 6fgT&ofco Na-Cal^777 

20 £X©G aNl^STIt N a©^©7^^77s©G aN^ig^TEe. 
*l£4 0 0 nm^e> 5 7 0 nm©^$-e#.£>nfc7n- Fftt?-7fcL 
JtBSn^oft. £©/^£>> NaO*©77*;^XOGaN#iiO 
■RR*>ft#.ft<k0iSV>J&<, ■etUOfc, N a - C a*g£7 7 y 7X©G 

25 

■O^fc, Na-Cal^777^XOGaNWlI^lriT, 2#-f 

25 
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jr>nmftffi (s ims) (a^iti^i^. toffiM*. hi 6 

, *^SIMSO*S*nS. 0*0,1: 5 fc, £0#l§J|K:&V:>T> c 
a#*tfeaj$nfc*«, Na, KttftlUSn^ofc. tfttilSn&C 
5 att, $fc*T&f9, £fcP8!H-A>Mr&S0T, GaN¥«A0A9( 

(HI«J 1 1 ) 

Gal. Og, 77V77,$u% (Na), H-A°> h (S i ). D-77 

, MOCVD^iaO, H§-3/im©GaNll&f^Litt)©TS5 
o GatNaO^Uktt, Ga:Na)=2. 7:7. 3T*0, Ga 
tS i O^Wfctt, Ga:Si = 100:0. fLT, 01 

15 , l 5i$|ffl0«§i&Wj££fTofc. W^^T^, x^y-;i/£*£jflv>T 

, sg«&£«tgu s i *H-e>^ufcGaN*iMi*#fc. cog 

ffiram«5mmfc*^T150QT*ofc. lift J: 0 Si & F — fc? >^LfcGaN 
20 fl|Ba:|f3aiK:bTGaN¥iBA&«feU -£0 

(mmmi 2) 

25 Ga 0f¥*{it£ l.Og t— fethtzo Ga £ 7 7 v £ ^©^^Jt 

$ Ga:flux=2.7:7.3 t-)ltL,:©5^77"^Xtib5 Na £ Ca 
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fzumt zmm\zAft, ens,' a 1 osn: i o , s*^*«a t 

*QMEbTGaN#i&ll£W/&bfc. fiIfSWj#&#te, JOfM^ 8 0 

GaNJ*MSil<&'K#£©Hfi$£igi 7©^7 7KwT. HBfc*V>T, 
«#)JJCa0S^T*D, ttttttf. G aN#i££J|<D»T&So 

#£Jfc3O!K0Bf (Na7030, 29JHC*kfc. 

10 

(HM0tJ13) 

tftUmMMl 0\Z&teT* Na0^0777^X^IlfcGaNf 
. ISfi©±K:, S6©KT©*#0MOVPEfel:J;tl, GaNlfili 

15 

(MOVPE^tt) 

^:Ga (CH 3 ) 3 , NH 3 > H 2 
J&ftMg : HOOt 

20 

MEMO VP Efefc«fc D»&nfcG a NlKKo^T, llltfi 

jkm (tem) (Ccto, zommzm^fco -£©«sjh, mi sotem 

^X^^-T «fc o \Z, Na77 ^7T?^tlfcGa N3U8il©±fc, 
WIBMOVPEfeK:<J;SGaN*ISfiSia©$ft*tfltB"P€r, MIBMG 
25 aNmHSil©lf®fettBT?*fc. 

27 
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tuf2MOVPEfetcb0t#?>nfeGaN (Mo-GaN/N 
F-GaN/Mo-GaN) fcOUT, P L $!l££fTo fc„ FLMfe® 

&mt, mmm 1 o tmMr&Zo ?>hu-)i>tLT, torn 

5 II (MO-GaN) t. :©J:l:Na©^777n«Jtlfc 
GaNl^i (NF-GaN/MO-GaN) t\Z~D^Th? L$!l££ 
frofc. d©^^ EI 1 9<Dtf7 y \Z7jk~?o m^O^:o\Z, 
7mm<D±iZ^^^nTzG aN^^mm\zMV (MO-GaN), Na 
7^^^XT^^$nfcGaN^i^^ (N F - G a N/MO - G a N) 
10 0±l:MO V P ES«lfcG a Nf iglll (Mo-GaN/NF 
-GaN/Mo-GaN) 4 fgSt^ P Lfg^3£S£*L£ 0 
JH*> 5 , #IS 91 © N a 7 ^ y # X *m V> rcJjfeT'ft <btlfcG a N-^&SH 
^Sfe<hLT^ffl1-tl^ ^©±K, MOVPEtiDilp a pS©GaN 

15 
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s * © i a 

1. III»E7C*aft«*ttilO«jg*ffi-e*oT, i-hVVA (Na) <fc 

5 *t©i^7y^^ (Flux) *K*5^T, #'J£A (Ga), 7;U 
S~»}A (Al) *5«krK-T >^£A (In) A^&5S*6IJ{$n& 
4>&< £ fe— OCDIII»!7c*tS* (N) £££j&£-&3C:£K:,k Dili 

10 2. IllJJi7c*j&s, tfUS'A (Ga) T&tK IIlSi7G*3ft;#j^iefi 
tf, SfctfU^A (Ga) J*feBT<&*tt£EllB*0|^#i*.' 

3. 7;i/#U&Ji#, U^A (Li), #U£A (K), 
(Rb), -fe>"j7A (C s) *5<ktf7 7>'>S7A (Ft) ^^JiSf^e 

Ca), XhD>^A (Sr), A*U£A (Br) fc«fctf5$>2A (R 

1 IBmo^it^^o 

5. ^h'J^A (Na) ttl)Vi/0& (Ca) (D^mzMT^^J )V-> 
r>A (Ca) ©Jt**^ 0. 1~9 9mo 1 %©$&fflT&5fflf#Jg4fH 
25 «c<Z>Ili£#£o 
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6. mnm&yyyZT.tf, i-hOOA (Na) iUf^A (Li) 

7. th'JfA (Na) tV?-V& (Li) (D^fHcttfS U ^£ A 
(L i ) <Djfc**t, 0. 1~9 9mo 1 % 5lf 6 SBifctf) 

8 . MfB£jfo&#fr\ ilI100~ 1 2 0 0 TCffi^ 100Pa~20 
OMP aT*^m*3llf3moMii^^o 

9. ^tbt, %m (N) ^W^X^^fflf ^>»*«iiBmo^ 

1 0. &m (N) g^t (N 2 ) ■tt7,&£XtT> : Z:-7 ( 

NH 3 ) ^X©^^<i:t ) -^T*^»^]S9f2«©^it^S 0 

11. (N) ^##X>^ T> ; E^T (NH 3 ) #X^L<te, 
Htl^^f (N) #X£©^£#XT&3ff:CT9fBm©SM#£o 

12. lli;!&7cmmt«^#>2p#L, iin(cMIBg^7 7^^X^^ 

1 2um<DWkm.i5$ko 
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1 4. 8£fc*III*7C*S<fctt*«, »UI©»JiT*SI»*«l 213^ 

1 5. mmmw. *«±fc#«anTv>****i 4 

5 ft. 

16. iJIBig^7 7 5/^X + »C, H-tf >^LfcV>*tt*£#££if 

io i7. s&ib^mw, (o, mm (o), &m <s n, tji/st- ( 

A 1 2 0 3 ), -f>S?7A (In), 7;W5-^7A (AlK SEft-f>5?^A ( 
InNK BfcJi* (SiO,), ftftrt >*7£A (ln,0 3 ), (Zn), ^T**^ 
7£ (Mg), mfbMIB (ZnO), ^fl^T^^A (MgO) ^i^JK- 
7 A (Ge) ^6&5»^61jR$n5^< chfe-^Tfe^tt^l 6 
15 E*0«iS#i*. 

1 8 . 39l¥ft5A£j£&S1i:*lt£« 1 IS«tO®ji^fto 

1 9. 7)v%v&m&&TS7frtiv±m&m<D'>fo< tb-xv&m 

20 7 7y7**fc::fcV>T, #U 7 A (G a), 7;i^-7A (A 1 ) 

^.h^m (N) b&EJ&1S^ZZt\Z&QUm7zm&ikV!l<D%-&&*J& 
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2 0. III&tc***, #U£A (Ga) T&D, III*5c#Sgft:»#IS 
Urt*, SfctfUtfA (Ga) ^iiaT?a&5l»*«l 9l3«©«lii^». 

2 1 . «£fc*iii»s^*sfc«jj&<* ^iitfc^it^ss^ 
5 i 9fEm<z>im#£o . 

2 2. st^*iii*7c*s^«id«, nmommx'$>^m^m2 lmn 

10 2 3. !&ia*lltS#, *«±fc»*SnTViS|»*q|2 2B«0«Jft5& 

2 4. «£fcSIIl£^!Sg<tto©*:*:&a*, 2cmKJ:til55M 

1 9fB^CD^ii^^o 

15 

2 5. tt£fcSIII*55**fctt©**ffiJ0^ 3cmK(±t^?)i^ 

1 9|Sm©^ii^^o 

2 6. ttt?5:SIIlSl7C*a^'ft©«*ft^ 4 cm£Jl±T^§»^^ 
20 1 9iB*©«i6>6Fffi. 

i vtzmommij&o 

25 2 8. £fc£Ji&$USIJt;:*3V>T, SfcffcttSfflNE? 5 + 
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2 9. gfc«b#, Ca 3 N 2 , LijN, NaN 3 , BN, Si 3 N 4 , £«fctfInN#> 
6&5S*eiiR$nfcil>S:<it»-'"3-?»Sfif*Ji2 8fBm<Z)^ji^ 

3 1. m^mm^ mm <o, (o), g$ (s n, ( 

AljOa), -Ov^A (In), 7;P5-^A (Al), Wfc<4>Wh> ( 
InN), m^S^ (SiO,K WLfc>(>VVh> (ln 2 0,), M$& (Zn), 
#A (Mg), tt^Mtt (ZnOh m^if^z/^A (MgO) 

■^a (Ge) frt>uz>mfrt>m)8iznz>>>iz< tb—or&zmi&ms o 

3 2. TJlO&'J****. U^£A (Li), ^HJ^A (Na), # U 
<^A (KK ;H£S?£A (Rb), -fe^^A (Cs) £cfctf;7 ^ >>"^7 A 

(Fr) a^fcsff^&aftsttfc^fc^fc-o-rfcD, t;p*u± 

gf&JS^ *^v^7A (Ca), XhD>^#A (Sr), A'J^A (B 
r) £J;tf9S>£A (Ra) £ ZMtilZ Mt'j>U < £ fc— - o 
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3 5. te&?B&aU 0 5 /cm 2 ^TT&D, i^id$^2 c m& 

3 6. fe&fffttf 1 0 4 /cm 2 £(TT'$5i^3 5 IB ft© # IS Ho 
3 7. 0 3 /cm 2 ^TTr&3f**J||3 5fS®©#iSg^o 

3 8. te&f&gaU 0 Vcm ! KTTife5S^3 5 fBft©JM£il. 

3 9. 1 0 Vcm 2 ^TT^§f^3 5f2m©¥^Ho 

±T&D> aWT?A;U^tt©III*7C*aflS*¥»il. 

4 1 . ** 4 cmWe*5M4 0|B«fe©m^^o 
4 2. «*«Oft**«5 cmEUn?2&S»3fcJg4 0!3ifc©^H. 

4 3. 0Vcm 2 KTT?»D, 5 c m& 

±t*d, SMT?; , ?;p^tt©iii»E7c*^'fk:»^iea. 

4 4. mtiL&mifil 0 Vcm 2 ^Tt$5S^4 3fB*03M8H. 
4 5. te&SB«aU 0 Vcm 2 KTt$§M4 3!Bfc©*MHo 
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4 6. 1 0 Vcm 2 £(TTS5|||4 3|3t0^^^ o 

5 

48. :0**#1^ »*«3 4*64 6 ©V^f 

n* »ci3«©iiiss*S{b»sw*«Sft*6»j*$nT^*^«t#g 

fio 

10 4 9. p t n t m LT^ D , MIBM¥##: 

mv>'Pts.< t fe-s*,it*3® 3 4*e,4 6ovii*n*{cia«0iii^7n 

*SflS«ia^¥J|ga*6^$tlT^-5¥«^SB. 

50. npnlh7>yX^lf, pnplh5>^»f *i« 
15 n p n pIM 'J^^*5M$n5^< tfe-oofi#if 

3 4*6 4 6 ®Vi*rn*K:E«©lii^7n*Sft:ttS§g#il8ft*5^ 
^lWIB#«tt¥*#J|©^< tfe-^*^*3I3 4*6 4 6 0^ftl 

25 

52. z zizmfcZGL. z(Dmm<D±\zmtmR$}%h7>¥x2 

35 



WO 2004/013385 



PCT/JP2003/008258 



*««nT«iiaanfc»)t^*-H (led) %?&$ts*m#mw 

T$oT, MiB = JB©4>fc< Sf*^ 3 4*>& 4 6 ©vi-rn 

io 54. sskseswu d©s«©±fc^fi3^^-r^— f*^** 

15 5 5. nl¥«#l. Stti«I*J:tfpa**'*I*«> H ©«/**? 
»JIStLTiiSSftfc*i#^-f (LD) m^^^tf¥##:gBTa5 
ot, t&IB = S©4>fc< <!:fc-Jf*\ fflf3fcJS3 4*64 6 ©V>Tft*£ 

20 5 6. £©S«©±fcttlB*MMt:l'-- tf*Tp**# 
fil^tlT^D, ffiSBSflt**, tt^3 4*64 6©^1"n*lC|B«fe©III 

Wo 



25 



5 7. pffl*##ltnai¥##Jit3&«»^l/fc3fe-fe>^*^**» 
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5 8. J^icifi^i, d©s«©±ciriH7t-fe>iJ-*T^j*$ 

**-fb«aW*»*^6»^*tlT^*«f*«5 7Efc©¥##gBo 

5 9 . Sf$Jg3 4^5 4 6 0V*Tft;fcfclBtt©IIlS^*gfc*S03 
*»**»«fcfflViTj«***fcIIlSE7n*afls«»K*^Oil*5|4 

6 o. mm±(Di\m7tmmtm^ MovpESCkoijfist&'b 
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FIG.4 
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FIG.9A 




FIG.9B 
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FIG. 10 
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